revealed what is special about this material, which is called Maya blue paint. They collected specimens in Mexico at archeologic sites known as Jaina Island and Palenque. Then they examined the specimens with high-resolution transmission electron microscopy (TEM), scanning electron microscopy (SEM) coupled with x-ray microanalysis, electron energy loss spectroscopy (EELS), and electron diffraction.
Elemental analysis revealed the presence of magnesium, silicon, aluminum, and oxygen, elements that would be expected from a certain type of clay known as palygorshite. Unexpectedly, iron was also detected. TEM demonstrated two regions, one containing well-defined plate-or needle-shaped crystals, the other an amorphous solid that contained small (nanometer) particles. The needle-shaped crystallites were identified by electron diffraction and x-ray microanalysis as palygorskite, probably with a chemical composition of Mg 5 (Si,AI) a O M (OH);,'8H2O. Atomic resolution images, that were obtained by Fourier transform of the digital image and application of masks, showed a periodic feature larger than the expected lattice distance on the crystallines, suggestive of a superlattice. This kind of superlattice was not seen in control specimens of palygorskite that were not mixed with indigo. Intercalation of indigo molecules might explain the corrosion resistance of Maya blue paint.
However, Jose-Yacaman et al. found that the material is more complex. The amorphous material was basically SiO 2 , with particles of iron, chromium, manganese, titanium, and vanadium, iron and chromium being most common. These elements appeared in metallic form as well as oxides. Previously, these elements were considered to be impurities, but Jose-Yacaman et al. suggested that particles of these "impurities" have an important effect on the spectral qualities of the material, imparting the special blue color.
To test their theory, Jose-Yacaman et al. obtained clay from an ancient mine that could have been the source used by the ancient Mayans. The clay contained palygorskite. They mixed the clay with the type of indigo dye used by the Mayans and heated it at 100"C, according to pre-Hispanic methods. The resulting material had the same microstructure as Maya blue paint. Their conclusion was that the combination of an intercalated clay forming a superlattice and the metallic and oxide nanometer-sized particles creates a paint that, in modern terms, would be called a nanostructured material. One would speculate that ancient makers of this paint worked in an empirical fashion, but they created a sophisticated paint that not only had a spectacular blue color, but it had an internal structure that allowed it to survive the ages relatively intact, much to our delight! • Imaged on an ETEC SEM at 5 kV using the SEM Wideband Multi-Detector Color Synthesizer (designed, buiit and patented by David Scharf). Then acquired digitally at 2,048 X 1,536 pixels directly into a Macintosh Power PC as a TIFF file, using Digital Micrograph software and Digiscan hardware. Then output to a CELCO film recorder, using Ektachrome 100+ film, to produce a 4 X 5 transparency.
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